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CLIMATE OF THE ARGENTINE REPUBLIC.

WALTER G. DAVIS
Chief of the National Meteorological Office.

The original significance of the word climate, derived from the Greek klima,

was declivity or inclination; its application to a terrestrial region indicated the gra-

dation from the equator towards the pole, as an expression of the angle formed by
the solar rays with the surface of the place. L,ater it was employed in the sense of

what we now call zone, since in those times a change of climate involved a change
of latitude. Ptolomy, in the second century, applied the term klima to the series of

subdivisions of the earth between the equator and the north pole or zones bounded

by parallels of latitude, whose circles differed from one another only in the duration

of the solar day.

We accept as the present use of the term, climate, the combined effect of the

different atmospheric manifestations or simply the mean of meteorological observa-

tions continued during a period sufficiently long to afford trustworthy values of

each one of the physical elements of the atmosphere. Thus in this sense the cli-

matology of a region is deduced from its meteorology, from observations mode
with apparatus which give an exact measure of each factor and are carried on for

the time necessary to fix the limits of the corresponding variations. For example,
the weather map which gives the atmospheric conditions prevailing at some given
hour of the day, may be considered as the meteorological expression of the ele-

ments which give only indications of the climate of the region represented; but at

the same hour of the following day the intensity of the manifestations of those

elements is entirely changed, so that comparing the meteorological data of the two

maps, distinctly different climatological conditions may be found. Now, uniting
and coordinating the values of the temperature, humidity, precipitation, atmos-

pheric pressure, velocity and direction of the wind, furnished by a long series of

the maps, we obtain true means with their corresponding extremes for each one of

those elements, with the daily, monthly and yearly deviations from the mean, also

the probable period of recurrence, or the frequency, of the same phenomenon. The
values thus obtained, together with the relations between them, give the climatolo-

gical data of the place. In other words, the distinction between meteorology and

climatology may be said to be that the former is the study of the physical elements

of the atmosphere and the science upon which are based the
,
laws of terrestrial

circulation, while the latter represents the positive results applicable to studies

designed for practical purposes, as the relations of climate to harvest, to industries

and to health; in fact to all human interests and the requirements of the vegetable
and animal kingdoms of our planet.

Considered in its broadest sense, it is recognised that climate depends on two



general factors, the most important being the sun, and the other the geographical
constitution of the earth. It is evident that if the globe lacked hypsometric irregu-

larities, and its surface were of the same capacity for the absorption and radiation

of solar energy, which constitutes the first factor, that is the solar climate, tempera-
tures would vary according to latitude, or in other words, according to the duration

of the solar day, since along the same parallel, the angle of incidence of the solar

rays would be the same and, consequently, their intensity equal for places equidis-

tant from the equator.

The purely astronomical classification of the globe into five zones, generally
known as the torrid, the two temperate and the two polar zones, corresponds, from

the climatological point of view, to the division according to the zones of solar

climate. It might have been more accurate to designate the torrid zone as that of

summer, on account of the larger amount of insolation which it receives; the two

polar zones as those of winter, by virtue of receiving the least insolation; and the

two intermediate temperate zones as those of spring and autumn. The other great

agent, the geographical or physical constitution of the earth, which operates to

modify the solar climate along the same parallel of latitude, consists in the parti-

tion of the surface of the planet into land and water, and in the differences in the

height of the land, thus originating what is known as physical climate. This in its

turn is subdivided into maritime, littoral, mediterranean and mountainous climates,

according to the character of the surface.

Within the territorial limits of Argentina the distinctions which correspond to

the above mentioned great climatological divisions are quite pronounced, with a va-

riety of subdivisions according to the intensity of the atmospheric factors which

characterise the general classifications of the climates of the globe.

With the latitudinal extension of the Republic, which extends from two de-

grees north of the tropic of Capricorn to the regions within the Antarctic circle, the

amplitude of the variation of insolation, or that of the solar climate, must be con-

siderable. In fact, within the limits of our observations of the mean annual tem-

perature, its amplitude is indicated by the isotherm of 24 C. in the north, and in the

south, in the region of the Orkney Islands in 61 latitude, by 5, thus showing
an amplitude of 29 in a latitudinal extension of 40, that is, a decrease of tempera-
ture at the rate of o.7 per degree of latitude.

The variation of the geographical or physical climate following the same paral-

lel of latitude across the Republic is as great as that of the solar climate in its

greatest extent from north to south, or even more so, since in the constantly

increasing heights from east to west from the level of the sea or the lowlands in

the Littoral to the lofty snow-crowned peaks of the Andes the temperature falls

rapidly as one approaches the interior plains and ascends the Andean slopes. As

regards the precipitation and humidity, the variations in the mean values found in

the different regions are proportionately of greater amplitude than those of the

temperature.
The division of the Republic into regions which present divergent climatic

characteristics, principally with regard to variations of temperature and rainfall, is

made according to the classification of the four zones, namely: the Littoral, which

includes the provinces of Buenos Aires, Entre Rios, Santa Fe and Corrientes,

and the territories of the Chaco, Formosa and Misiones; the Mediterrranean,
which extends from the Bolivian boundary on the north to the Rio Negro,
or approximately to the 4oth parallel of south latitude; the Andean, which

comprises the provinces at the eastern foot of the Cordilleras with the same



northern and southern limits as the Mediterranean and the Patagonian, which em-

braces the region to the south of Rio Negro to the southern extremity of Tierra

del Fuego. To these may be added a fifth division falling under the dominion of

the Argentine Republic, the Antarctic, covering the region situated south of Tierra

del Fuego extending to within the Antarctic circle. The Littoral, Mediterranean

and Patagonian divisions may each be subdivided into northern, central and south-

ern sections in which the differences of climate are principally determined by the

factor of latitude and elevation.

With the exception of the narrow strip north of the tropic of Capricorn and

the barren islands within the Antarctic circle, the territory of the Republic lies in

the temperate zone; but on account of the hypsometric differences, the constituents

of the soil and the characteristics of the climate are so varied that there is scarce-

ly any vegetable product for which there is not a region suitable for its successful

cultivation.

For the production of wheat and the growth of forests, a lower limit for the

mean temperature of the warmest month of the year has been fixed at ioC., and

300 mm. of precipitation, equitably distributed. According to this criterion, we find

even at the extreme southern confines of the Argentine mainland, conditions which
fall within the above limits, since on the southern coast of Tierra del Fuego the

mean temperature of the three summer months is somewhat above 10. In the

arid regions of the Andean and Patagonian zones, where the precipitation is less

than 300 mm., the soil is fertile and responds so quickly to the small quantity of

rain received that it produces nutritive pasturage, so that the greater part of this

region, in place of being unproductive, offers conditions favourable for pastoral in-

dustries. With irrigation which is praticable for a considerable area abundant-

harvests are produced and frequently in apparently totally arid regions a rich vege-
tation springs up. Thus with the exception of the denuded slopes of the moun-
tain chains, there is comparatively little land in the Republic which may not be

utilised.

The atmospheric elements which directly determine the climatological zones

are temperature, precipitation and the winds; but the variation in the intensity of

these elements, which constitute the characteristic-features of the different climates,,

depends to a great extent on the circulation of the atmospheric pressure, which in

its turn responds to the influence exercised by the distribution of land and water

areas. Thus before giving an explanation of the different climatological zones of the

Republic, let us consider briefly the general movement of the atmosphere in the

southern part of this continent and its relation to the temperature, humidity and

rainfall.

As regards the atmospheric circulation, the Republic may be divided into two

general systems. In the section to the north of the territory of Rio Negro, where
the continent begins to widen from east to west, the continental or cyclonic move-
ment is found; while to the south of Rio Negro the circulation corresponds to

the Antarctic or anticyclonic movement. These two divisions may be designated

respectively as Continental and Antarctic.

The region of the continental circulation lies between two permanent high

pressure areas, one in the Atlantic and the other in the Pacific, the former being
farther from the continent than the latter; so that the greatest depression between

these two highs is found, on the mean of the year, in the interior of the conti-

nent, and in the summer the dividing line is represented by a narrow area of low

pressure extending from north to south at the foot of the Cordilleras. In this re-



-gion of continental circulation high and low pressure areas are formed, exercising
their respective influences on the climate. In the Antarctic division, to the south

of the forty-second degree of south latitude, the general movement of the air is

much more constant, the isobars are parallel, running east and west, and the pre-

vailing wind is westerly. It is but seldom that cyclonic areas form over the com-

paratively limited extension of land in this region.

The distinction between these two general systems of atmospheric movements

may be seen more clearly in Plates I to V, which represent in the form of isoba-

ric lines, the normal pressures reduced to sea level and to standard gravity, corres-

ponding to 45 latitude. From the study of the weather maps, published since the

beginning of the year 1902, ten types of weather have been deduced, that is, the

courses most commonly followed, in this part of the continent, by the areas of

high and low pressure, together with the manifestations of rain, winds and temper-
ature changes produced by the different types. The following is a summary of

these atmospheric movements:

TYPES O HIGH PRESSURE AREAS.

N. i. Areas of high pressure which form in the Andean region north of

Mendoza and move in a northeasterly direction, causing fresh to strong winds in

the region north of Rio Negro. This type, preceded by an area of low pressure in

the provinces of Cordoba and Santa Fe, presents one of the most characteristic

types of wind, called the pampero, and ordinarily, occasions a fall of tem-

perature whose amount is proportional to the barometric gradient, i. e. to the dif-

ference in pressure between adjacent regions.

N. 2. Highs which appear in the neighbourhood of Neuquen. It is prob-
able that a large number of these originate in the mountain region where a mark-

ed decrease in the height of the central range allows the interchange of the lower

currents of the two sides of the Andes, or the meeting of the warm dry air of he

Atlantic side with the cooler, moisture-laden air of the Pacific. These highs ge-

nerally move toward the northeast, and, like the preceding type, are of the pam-
pero character. When these reach to the Atlantic coast, they as a rule brin grain,

accompanied, in the spring and summer months, by electrical discharges.

N. 3. Highs which, forming outside the continent, first appear in Chubut
and Santa Cruz and move northward as far as the province of Cordoba, turning
then toward the northeast. This type produces cloudy, damp weather and low tem-

peratures throughout the Republic. In the winter the snows in the sierras

of Buenos Aires, Cordoba and San Luis occur during the passage of this high

pressure area.

N. 4. Highs which appear in the south of Santa Cruz and Tierra del Fue-

go, coming from the southwest and entering the Atlantic before reaching Chubut;

in general they cause light rains or snows in the region traversed, since the winds

which they originate bring the moisture of the ocean condensed by contact with

the strata of colder air over the land.

TYPES OF LOW PRESSURE AREAS.

N. 5. Areas of low pressure which form in SanTa Fe and in the east of Cor-

doba, while there is a high pressure area in the Andean provinces and another in



eastern Brazil, thus forming an atmospheric depression with its axis of greatest:

elongation lying in a southeast to northwest direction. The general course of such

depressions is toward the east or southeast, and they usually cause rains in Bue-

nos Aires and the Littoral. The periods of prolonged rains correspond to this-

condition of cyclonic circulation. The passage of these cyclonic areas is attended

by strong winds blowing first from the east and southeast and afterwards from

the south, southwest and west, as the depression moves eastwards. On entering
the Atlantic, the strongest winds are felt on the Uruguayan and South Brazilian

coasts. In the winter months the development of this type of low is the certain

forerunner of the pampero ,
or type i, since it is followed by pronounced high:

pressures in the Andean region and the fall of snow in the Cordilleras.

N. 6. Lows/> which form in the north of the Republic or, more accurately, in

the province of Santiago del Ksteio and the territories of Formosa and the Chaco,

and move toward the ESE., causing rains in Santiago del Estero, northern Cordoba

and throughout the Littoral as far as the north of Buenos Aires.

N. 7. Lows which form in the territory of the Pampa Central and travel to

the NE., producing rains in Buenos Aires, in all the Mediterranean region except
the extreme north, and usually throughout the Littoral. In the summer time this

same type, when large but not well developed, causes, while still in the region

where it formed, local showers and thunderstorms in Buenos Aires and in the south

of Cordoba and Santa Fe.

N. 8. Lows>' which are first observed when they appear in the territory of

Neuquen moving to the N. and NE. They cause rains in Neuquen, Rio Negro,
the Pampa, Buenos Aires, Cordoba, Entre Rios, Santa Fe and Corrientes. This

type, when well developed, indicates bad weather on the Chilian coast, with high
winds north of the 4oth parallel, especially in the neighbourhood of Valparaiso.

N. 9. Lows which appear in western Chubut and move to the E. and NE.,.

causing rains in Neuquen, Rio Negro, the south of the Pampa Central and the

southwest of Buenos Aires.

N. 10. Lows which move across Tierra del Fuego and the south of Santa

Cruz, travelling to the E. and NNE., producing.rains in Santa Cruz and Chubut.

In several cases it has been possible to follow the course of depressions of this

type across the Atlantic till they reached the extreme south of Africa about 4 to 6>

days after they appear in the south of this continent. In general, they are dissipa-

ted in mid-ocean as shown by observations made on shipboard. Lows of this

type in moving to the NE. cause high westerly winds along the coast as far north,

as the province of Buenos Aires.

The mean annual pressure values in the Continental division are above 760 mm.,

varying from 760 to 762.5, reduced to sea level, but in the Antarctic division the

values decrease rapidly with increasing latitude. Starting at latitude 40 with a.

mean annual pressure of 760 mm., in latitude 45 it has fallen to 757 mm.; in 50,

i. e., about the latitude of Santa Cruz, to 753; in latitude 55, the southern coast of

Tierra del Fuego, to 748 mm., and in the South Orkneys, in latitude 61, to 742 mm.

Observations made by Dr. Charcot from February 1904 to January 1905, during
the stay of the expedition in Wandel Island, in 65 latitude, gave the mean value

of 745 mm. On account of the scarcity of data it is impossible to say how far

towards the south pole this decrease of pressure continues, but according to the

observations made in the Discovery*, there is evidence that the lowest pressures.



are found between the 65th and yoth parallels and that from this circumpolar zone

-the pressure begins to rise, showing higher values in the interior of the Antarctic

continent. It seems probable that, over the great land area which surrounds the

pole, a permanent anticyclonic area exists to whose position in relation to the

-rotation of the earth are due the strong winds which blow with such violence

in the southern ocean.

The region which wre are studying presents very pronounced differences with

regard to the diurnal and annual variations of the barometer and also to its aperi-

odic fluctuations, the characteristics varying according to the latitude and elevation

-of the land. In the diurnal variation of pressure the two maxima and the two /;//-

.nima are shown in all the series of observations. In the low latitudes they are

strongly marked and in the high latitudes scarcely recognizable. In general, the

principal maximum occurs about 9 a. m. and the principal minimum between 3 and

5 p. m. The secondary maximum is found between 10 and 12 p. m. and the secon-

dary minimum between 3 and 5 a. m. From Tierra del Fuego southward, the night
maximum is more pronounced than that of the morning, but in high latitudes the

variations shown in the daily curve are appreciable only in the means formed from

long series of observations, while in the subtropical region, the variation is so pro-

nounced that a day in which it is not shown is quite exceptional; on the majority of

days the maximum and minimum are so accentuated that the barograph trace may
serve to indicate the time of day. In the region of high plains and in the moun-
tains the amplitude of the diurnal variation is less than in the lowlands.

The difference between the principal maximum and minimum of the day, on the

<curves for the year, are:

Asuncion (Paraguay) 2.4 mm.

Cordoba 2.3 mm.
Buenos Aires i 6 mm.

Patagones 1.4 mm.
Ushuaia 0.7 mm.
South Orkneys 0.4 mm.

The annual variation of the barometer, as well as the diurnal, varies with the height
above sea level and to a lesser extent with latitude, the amplitude of the varia-

tion decreasing with an increase of either latitude or altitude. In the Littoral and

Mediterranean regions, north of the 35th parallel, the annual curve shows the mi-

nimum in the months of December and January with a maximum which occurs in

June and July, the amplitude varying from 7 mm. in the north to 5 mm. in the

south. In the Andean region, the elevated lands at the foot of the Cordilleras

have two maxima. The curves illustrated by the observations of Mendoza and of

Chos-Malal, show, at heights of 800 to 900 m., the first maximum occurring in

April and the second in September, with an amplitude of 3.5 mm. between the

principal maximum and minimum. To the north, on the table-land of Jujuy, at a

"height of 3500 m. above the sea, there is very little difference between the summer
-and winter values, and in the mountain peaks, even though at lesser heights than

the above mentioned table-land, the variation is the reverse of that found in the

low regions. This is shown by the observations at Paramillo de Uspallata, at a

height of 2845 m. above the sea, which give the pressure for the three summer
.months as 3 mm. higher than that for the winter. In the extreme south of the



continent and in the Antarctic region the curve is extremely irregular but always
shows a tendency towards the double maxima and minima.

The abnormal fluctuations increase with an increase of latitude and decrease

with elevation, so that in the regions of the greatest diurnal variation we find the

least abnormal fluctuations. This may be seen by the following figures which give
the annual mean of the extreme variation for a line of stations running from north

to south.
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prolongation of the isotherm of 42 which extends to the territory of Chubut,.

showing that to the 43rd degree of latitude the temperature at times rises as high
as in the north of the Republic or in Paraguay, while at the southern extremity of

this isotherm the mean annual temperature is some 11 lower than that in the north

of the region having the same absolute maximum. These conditions recur nearly

every year, it being an exceptional summer when the daily maxima do not rise as

high in Rio Negro and the Pampa as in Misiones and Paraguay. The phenomenon
is explained by the difference in the humidity and in the amount of cloudiness*

since in the north of the Littoral the soil is covered with a subtropical vegetation,

the sky is more clouded and the quantity of aqueous vapour is about double that

which is commonly found in the south of the Mediterranean region where the

vegetation is scarce and the sky more clear. It will be easily understood that

in regions so different the physical conditions dominate the solar action in deter-

mining the maximum temperature.
On the other hand, as regards the minimum temperature, it is seen, by chart

XIV, that in the Republic there is no region exempt from temperatures below cA
In the extreme north of the Littoral the frosts are so scarce that even the most

delicate plants seldom suffer from them, so that for agricultural and horticultural

purposes they are scarcely to be feared. In the Patagonian region, however, the

severity of the frosts is such that agriculture must be limited to the cultivation

of the hardiest species.

According to our system of meteorological stations, in the southern territories

the most intense cold was observed in the south of Chubut in the month of June

1907, at Colonia Sarmiento and Buen Pasto the minimum temperature of 33 was

registered and at other stations in the same region 29 and 28. Thus, bet-

ween the maximum temperature of 46.8 in the province of Santiago del Estero, and

the minimum of 33 in Chubut, we find an extreme amplitude of 79.8 corresponding
to the last ten years' observations on the mainland of the Republic, but in the

South Orkneys the temperature has fallen to 41, giving an amplitude of 88

Celsius between the 28th and 6ist parallels of latitude.

In Tierra del Fuego and the interior of Santa Cruz and Chubut, temperatures
below o have been observed in every month of the year; on the plains of Rio

Negro from March to December, in the Pampa and the west of Buenos Aires, from

February to November. As we proceed northward, through the Littoral and Med-

iterranean regions, the period of frosts becomes shorter, till, in the extreme northeast,

the negative sign is eliminated from the temperature records.

Crossing the Republic from east to west, north of latitude 40, the variation

of temperature in the Littoral differs from th t of the interior in having less am-

plitude both in the diurnal and annual fluctuations. The changes, although at times

marked and rapid, are not in general so frequent or so large as those experienced
in the Mediterranean and Andine regions.

RAINFALL D STRIBUTTON.

Of all the climatological elements the precipitation is the one which shows the

greatest variations in the amount that falls from year to year as well as in the

annual distribution. To the north of latitude 38 the year may be divided into two

seasons, the rainy and the dry, corresponding respectively to the periods from Oc-

tober to March and from April to September. In the Littoral, the distribution
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is more equitable in the southern than in the northern section, since in the city

of Buenos Aires 56 / of the annual amount falls in the rainy period, and in Cor-

rientes 65 / ;
in the Mediterranean region, represented by the rains of Cordobar

86 %, and in Salta, in the Andean region ; 96 /
. To the south of latitude 38 the

distribution, both as to frequency and quantity, is more uniform, with the result that,

in general, there is little difference between the rains of summer and those of win-

ter except in the western section of the territory of Neuquen where the torrential

winter rains are more than double the summer precipitation.

Charts XV, XVI and XVII illustrate the distribution of rain, for the wet and!

dry periods and for the year, by means of isohyetic divisions, corresponding to-

differences of 100 mm. in the first two and to 200 mm. in the last. The results-

presented in these charts are deduced from observations made at more than 600

stations, in the greater number of which the period is at least ten years.

Referring to the graphic representation, it is seen that the region of greatest

precipitation is in the west of the territory of Neuquen where the mean annual

rainfall is more than 1800 mm., while on the Chilian coast, in the same la-

titude, it is about 2500 mm. In this latitude 38 to 41 the winds from
the Pacific blow, throughout the year, towards the land, bringing the moisture of the

ocean, which condenses on coming into contact with the land, or through the

cooling of the air as it rises over the slopes of the Cordilleras. The condensation-

is still more enhanced by the interchange of the currents of widely different tem-

perature and humidity which prevail on the opposite sides of the Andes. The rapid
decrease in the rainfall eastward from the zone of maximum precipitation is noteworthy,,
since at a distance of about 200 kilometres the mean annual quantity is scarcely

300 mm.
After the region mentioned, the one most benefited is in the north of the

Littoral, with an annual mean of 1600 mm.; but, in crossing the Republic on the

same parallel of latitude, on reaching the table-lands at the foot of the Andes, this-

amount is diminished to only 100 mm. In the zone between 30 and 35 of latitude

a diminution in the quantity of rain is observed from east to west at the rate of

100 mm. of rain for every 100 kilometres of distance; i. e. starting from the Uruguay
river with an annual rainfall of 900 to 1000 mm., on reaching the provinces of

Mendoza and San Juan it is less than 200 mm.
As regards the number of rains, there is as much divergence between the different

zones as in the amount of rainfall. The extremes, according to our network of

pluviometric stations, are a maximum of 251 days of rain a year in Staten Islandr

derived from seven years' observations, and a minimum in the city of San Juan, with

a mean of 16 days of rain.

With respect to the differences in the annual quantities, the Littoral region
shows greater variations than the interior; for example, in the city of Buenos Aires

the mean of 47 years of observations is 930 mm., with the extremes of 547 mm.
in 1893 and 2025 mm. in 1900; while in Cordoba, in the centre of the Mediterranean

region, with a mean quantity of 696 mm., resulting from a series of 35 years of

observations, the amplitude is represented by the minimum of 420 mm. in 1880 and

the maximum of 1007 mm. in 1889.

Having indicated the general features of the principal physical factors which

determine the climate of the Republic, we will proceed to show more in detail, by
means of numerical and graphical illustrations, the climatological conditions which

characterise the different zones into which the Republic is divided.
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THE LITTORAL ZONE.

This zones includes the regions contiguous to the La Plata, Uruguay, Parana,

Upper Parana and Paraguay rivers, and the Atlantic coast as far as the southern

extremity of the province of Buenos Aires, in latitude 41, with its northern limit at

the Bolivian frontier, in latitude 22. It includes the entire province of Buenos Ai-

res, but the western part of this province might be better classified as belonging
to the Mediterranean region.

In the extreme northwest of the region, in the Chaco, the general elevation of

the ground reaches 300 metres, but near the banks of the Upper Paraguay, it is

about 100 metres. With the exception of the hills in the interior of Misiones, the

height of the greater part of the Littoral is less than 120 metres.

ATMOSPHERIC PRESSURE.

To illustrate the diurnal and annual variations of the barometer, the three widely

separated stations of Asuncion (Paraguay), characteristic of the Chaco region, Bue-

nos Aires and Patagones, have been selected. The diurnal variation is shown by
the hourly values which follow, for the four seasons (i) and the year.

(i). In the classification by seasons, summer is considered to begin with December, autumn with March,

winter with June, and spring with September.



DIURNAIv VARIATION OF ATMOSPHERIC PRESSURE.
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The mean time of occurrence of the pressure extremes, with their correspond-

ing values, and the amplitude of the variation, are as follows:

Summer
Autumn
Winter

Spring:.. .



MONTH
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physical except in the hilly region in the southeast section of the province of

Buenos Aires. To this irregularity of the surface is undoubtedly due the change
in the direction of the isotherms 14 and 15, and consequent!}' the modification

of the climate in the southwestern part of this province and in the Pampa, the

resulting mean temperatures being 2 to 3 higher than those corresponding to that

latitude, and the rainfall decreasing more rapidly due to the obstruction which the

hills offer to the humidity carried by the Atlantic winds.

To show the character of the diurnal temperature variation, the following ta-

ble shows the hourly values, grouped by seasons, for the same places chosen to illus-

trate the atmospheric pressure. The temperatures for Buenos Aires are taken from

two years' series of observations made at the Chacarita Meteorological Station,

situated in the grounds of the Institute Superior de Agronomia y Veterinaria at

Villa Ortuzar, some five kilometres from the river, in the open country. A long series

was made at different exposures in the city, where the proximity to the water and

the influence of the agglomeration of buildings have the effect of decreasing the

amplitude of the diurnal variation. Due to these influences the nocturnal tem-

perature of the city is, in general, about 2 or 3 higher than in the open surround-

ing country and the diurnal maximum i or 2 lower, but the mean temperature of

the 24 hours differs but little between the city and the country.
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DIURNAL VARIATION OF TEMPERATURE.

tT/vi**'
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A graphic representation of the figures given in the preceding table is found in

Plate XX, from which it is seen that the form of the curve is practically the same

throughout the Littoral.

The diurnal maximum of temperature occurs in all seasons of the year approxi-

mately two hours after the sun passes the meridian, and the minimum in the interval

of a few minutes before sunrise to an hour after, varying according to the season of

the year and the latitude of the place. The annual variation is shown by the maxi-

mum and mean minimum and the absolute maximum and minimum taken from twelve

well-distributed stations. In this table the mean monthly temperature is the mean
of the twenty-four hourly values, referred to the ten years, 1898 to 1907. The mean
maximum and mean minimum are the monthly means of the highest and lowest tem-

peratures observed daily, while the absolute values are the extremes noted during
the entire series of observations.
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ANNUAL VARIATION OF TEMPERATURE IN THE LITTORAL.

MONTH
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The values of the mean temperature for seven of the stations which figure iir

the preceding tables, are graphically illustrated in Plate XXI. These curves show
the general character of the annual variation in the different parts of the Littoral.

In the north, the amplitude of the variation is less than in the south, and in the

former region the curve is more rounded at the epochs of maximum and minimum
than in the latter.

In the lowlands of the north, the temperature rarely descends to zero, but in

the interior and western sections of the territory of Formosa, frosts are experienced
in the months of May, June and July, and in rare cases until September, though,
in this latter month they are very light: the lowest temperature observed in this

region is 5. The same conditions obtain in Misiones; near the rivers frosts are

practically unknown, while in the hilly section of the interior temperatures as low
as 6 have been registered.

In the territory of the Chaco, the province of Corrientes and the northern part
of Santa Fe, temperatures as low as 4 are observed on an average of two or three

times from May to September. In the south of Santa Fe and in Kntre Rios the

number of frosts increases, in general, to five or six, and in exceptional years they
occur in the month of October.

In the province of Buenos Aires, normally there are 10 to 12 days of tempera-
ture below zero in the northern section and from 20 to 25 in the southwest,,

the intensity varying from 7 in the coastal region to ninthe west and south-

west.

Throughout the province, temperatures as low as 5 are common in the three

winter months, and in the western and central sections they occur in September and

October nearly every year. The month of November is generally exempt from frosts;:

in the southwest, however, they are experienced at intervals of several years but are

seldom severe enough to affect the growth of cereals.

The influence which the direction of the wind has upon the temperature is

shown by the mean yearly values contained in the following table. It is worthy
of note that the effect is greater in winter than in summer by i to i-5. These-

figures show that throughout the Littoral the north wind produces the highest tem-

peratures, while the lowest prevail with the wind from the south and southwest. The
mean difference between the influences of the north and south wind is 3 tq 4. It is

understood that this value is the mean for the year and does not refer to the sudden

falls of temperature which accompany and follow the change of the wind from,

north to south, when at times the temperature drops 20 or more in a short inter-

val, or in other words when the heated air coming from the equatorial regions is^

replaced by the cold air brought by the south and southwest winds.
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MEAN INFLUENCE OF THE WIND ON THE TEMPERATURE.
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Asuncion

Month
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Ground Temperature. The discussion of the earth temperatures is confined to

-the observations made in L,as Delicias and Buenos Aires, with thermometers placed
at the surface and at depths of om . 10, om.2o, om.5O, and in Buenos Aires, at i

m .oo.

The monthly values of the temperatures in the different installations follow in

tabular form.
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tion is observed in the territories of Formosa, Misiones and the Chaco, the province
of Corrientes and in the region of the estuary of the River Plate, while in the

south of the province of Buenos Aires it is about 10 % less. The curves of the

diurnal and annual variations are the inverse oi those for the temperature, the

epochs of greatest humidity corresponding to those of lowest temperature and vice

versa. Thus, the greater the amplitude between the extremes of temperature, the

greater the variation in the degree of saturation, that is, in the capacity of the

air to absorb aqueous vapour. To illustrate the diurnal variation of the relative

humidity, the annexed table shows the hourly values, expressed in percentages of

saturation, grouped by seasons and the year, for Asuncion and Buenos Aires. The
former station represents the conditions of the inland river basins and the latter

those directly influenced by adjacent bodies of water. The corresponding curves

.appear in Plate XXII.

DIURNAL VARIATION OF RELATIVE HUMIDITY.

HOUR
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The amplitude of the diurnal variation is as follows:

Asuncion Buenos Aires

Of Ojlo to

Summer 32 22

Autumn 33 19

Winter 30 24

Spring 32 21

Year 32 18

The following table shows the monthly values of the humidity for the same
twelve stations whose temperatures were given. The graphical representation of

nine of the curves in Plate XXIII illustrates the differences in the annual variation

of the degree of saturation in the different parts of the Littoral.

ANNUAL VARIATION OF RELATIVE HUMIDITY.
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The influence which the direction of the wind exercises upon the atmospheric
humidity varies according to the hypsometric and hydrometric conditions of the

region. In general, the north wind is accompanied by a low degree of saturation,

while those from the south and southwest tend to increase the humidity. The mean
of the extreme influences, of these opposite winds, is from 8 to 10 /. On the At-

lantic coast, the greatest humidity corresponds to the east wind, from the sea, and
the least, to the west wind, from the land. The most marked fluctuations

in the degree of saturation experienced, in short periods, are ordinarily due more to

vertical than to horizontal movements, i. e. to the ascending current of heated, dry air,

and the descending current of a lower temperature and higher humidity. These
currents are set in motion by the difference of temperature between the air in

the lower and upper layers. The increase in humidity at such times often reaches 60

to 70 /
in a few hours. This phenomenon is observed on a larger scale in the

Mediterranean and Andean regions than in the lyittoral.

B. Vapour Pressure. The pressure of aqueous vapour is expressed in millimetres

of mercury referred to the barometric column, thus indicating the quantity of va-

pour contained in the atmosphere, or the absolute quantity since it does not vary
with a change of temperature, but the capacity of the air to absorb and retain

vapour depends directly upon the temperature, this capacity for the retention of

moisture being about doubled with each increase of 11 of temperature. At the

temperature of o, the air when saturated contains 4.84 grammes of vapour and if,

when in this state, it receives an additional amount of vapour, the excess is

precipitated and returns to the original liquid condition.

The following table gives the weight, in grammes, of a cubic metre of satur-

ated air with the corresponding vapour pressure in millimetres for every 10 of

temperature from 20 to + 40.

Temperature
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the vapour pressure from the north of the Littoral southward, it is sufficient to cite

the mean values for Asuncion in latitude 25, Buenos Aires in 35 and Patagones
in 41. These are respectively 14.7 mm., n.6 mm. and 7.5 mm.

In the diurnal variation of vapour pressure there are, in general, two maxima
and two minima. The principal minimum occurs between 4 and 8 a. m. and the se-

condary some twelve hours later, or between 3 and 6 p. m. Of the two maxima,
the first appears from 10 a. m. to 2 p. m. and the second between 7 and 10 p. m.; nor-

mally the first is the more pronounced. In the Atlantic coast region the secondary
minimum is at times nearly eliminated, appearing only as a slight depression in the

curve between the two ?naxima
y especially during the winter months. The following

table shows the hourly values for Asuncion and Buenos Aires, grouped by seasons.

From these and their curves, in Plate XXIV, the characteristics of ihe variation of

the vapour pressure in this region will be seen.

DIURNAL VARIATION OF VAPOUR PRESSURE.

Asuncion



The annual variation of the vapour pressure shows a curve the reverse of that

of the relative humidity, and resembling that of the temperature. In the following
table are the mean monthly vapour pressures for the same twelve stations whose
relative humidity has been given; the values are derived from the same series of

observations.

ANNUAL VARIATION OF VAPOUR PRESSURE.

MONTH Asuncion
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N.

Asuncion +1.9
Corrientes.. + 2.3

Rosario + 1.2

Buenos Aires.... +1.7

NE. E.

+ 1.3 0.2

+ 0.5 0.5

+ 1.0 +0.6

+ 1.5 1.2

SE.

+ 0.2

s.
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In Buenos Aires we find the cloudiness is 50 / more in winter than in sum-
mer. The mean of hours of sunshine per day, in each month, is as follows;

Month Rosario Buenos Aires

January 9.1 9.1

February 9.0 8.4

March 8.2 7.6

April 7.2 7.0

May 5.5 5.1

June.... 4.5 3.8

July 4-5 3-9

August 6.0 4.9

September 7.0 6.3

October 7.7 6.5

November 8.2 8.1

December 8.7 8.5

Year 7.2 6.8

B. Cloudiness. We will pass now to the consideration of the degree of cloudi-

ness the complement of the sunshine determined by estimating the proportion of

the sky covered.

The results presented in the next table are obtained from observations made
three times a day at 7 a. m., 2 p. m., and 9 p. m. previous to the year 1903, and
since then at 8 a. m., 2. p. m. and 8 p. m., according to a scale of 10, a completely
clear sky being indicated by o and entirely clouded by 10. It is evident that the

.accuracy of this system depends on the ability of the observer to estimate the

proportion of the sky covered, but experience has shown that, using a scale of 10,

the observations are sufficiently accurate for general purposes.
In the Littoral region the cloudiness is much greater than in the interior, de-

creasing steadily as one leaves the coast. The curve of the diurnal variation has,

in general, two maxima and two minima. In this region the principal maximum
.occurs two or three hours before sunset and the secondary two or three hours

after sunrise. 'The predominating cloud type in the former is cumulus and in the

latter, stratus. The first minimum occurs between an hour before and an hour after

the sun's passage over the meridian, and the other from 9. p. m. to 12 p. m.
'The former is the principal minimum of the day.

The mean values for twelve stations, expressed in percentages, follow:
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ANNUAL VARIATION OF THE AMOUNT OF CLOJD.

MONTH
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MEAN MONTHLY RAINFALL.
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MEAN MONTHLY RAINFALL.
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MEAN MONTHLY RAINFALL.



-36-
P'rom the preceding values it is seen that, in the geographical distribution of

rainfall, the drainage basin of the Uruguay river receives more precipitation than

that of the Parana, this difference amounting to 40 / in the province of Corrientes..

Throughout the Littoral there is a regular diminution in the quantity from east to

west, but it is less pronounced than from north to south.

Ti:e most rainy month in the Littoral is March. It should be noted that in the

regions along the Uruguay and La Plata rivers the means for this month are large

owing to the abnormal rains which fell in March, 1900. (i)

In the south of Buenos Aires there is a well-marked secondary maximum in the

months of October and November. The increased rainfall at this season of the year
is of incalculable value to agricultural interests over a large area, since it comes
when most needed to strengthen the }

7oung crops, enabling them to withstand the

approaching season of hot weather and little rain. From this is deduced a strong

argument for late sowing of cereals, since by sowing in August or September, a

great part of the damage to crops, occasioned by the heavy frosts occurring in the

three preceding months, might be avoided. According to our observations, sowing
at the time above indicated, will, as a rule, insure good harvests. Normally, in the

north of the Littoral the month of August has the least rainfall. In Corrientes, Santa

Fe and Entre Rios, July is in general the driest month, and in the province of

Buenos Aires the months of June and July.

In regard to the diurnal distribution of frequency and amount of rainfall, the

hourly observations made in Buenos Aires show two maxima and two minima. The first

and most marked maximum is from 6 to 8 a. m., and the second from 3 to 5 p. m. The
first of the two minima corresponds to the period between 10 p. m. and midnight,,

and the second to that between noon and 2 p. m.

As a long series of observations are of interest, we reproduce here the monthly
rainfall for the Federal Capital since 1861, with only two months incomplete May
1868 and July 1870. The annual amounts are graphically represented in Plate XXVI,
which shows the great fluctuations in the cyclical change for this place.

(i). In the Federal Capital 545 mm. were observed, i. e., five times the previous normal amount for that

month, and only 2 mm. less than the total fall of 1893.
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RAINFALL IN BUENOS AIRES DURING THE PERIOD l86l TO 1907.

MONTH
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RAINFALL IN BUENOS AIRES DURING THE PERIOD 1 86 1 TO 1 907.

MONTH
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MONTH
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Asuncion 26

Buenos Aires 25

Bahia Blanca 27

NE.

12

'3

6

21

24

5

SE

4
16

17

s.

21

SW.

4

6

w.

o

2

9

NW.

12

4

25

The influence of electrical storms on the temperature is to cause an appreci-
able cooling. From a long series of comparisons between the temperature of the day

preceding and following the thunderstorm, the amount of the decrease in tempera-
ture is shown in the following table.

INFLUENCE OF THUNDERSTORMS ON THE TEMPERATURE.



MONTH
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RELATIVE MONTHLY FREQUENCY OF WINDS.

Asuncion
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RELATIVE MONTHLY FREQUENCY OF THE WINDS.

Buenos Aires
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variation in direction, which would require numerous tables for its demonstration, so-

that it only remains to note that along the Atlantic coast during the summer months
the mean wind direction is NB. in the morning, ESE. in the afternoon and E. at

night, thus giving a mean diurnal amplitude of 50. This continues through the

warmest mouths and is due mostly to the interchange of land and sea breezes or

virazon the latter blowing from noon till after sunset. In the winter the move-
ment is very different, the mean morning direction being NW., that of the afternoon

NE. and that of the night ESE., with a mean amplitude of variation more than

double that of summer.

B. Velocity. In the horizontal movement of the wind we find marked differ-

ences between the northern and southern extremes of the Littoral, or in other words,.

an increase of velocity with latitude. This may be seen by the values presented
in the annexed table of five stations chosen to show the characteristics of the wind
force in the different sections of the Littoral. The observations from which these

values have been deduced were made with Robinson anemometers, the instruments-

in each installation being given the freest exposure available.

VELOCITY OF THE -WIND IN KILOMETRES PER HOUR.

M N T H
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DIURNAL VARIATION OF THE WIND VELOCITY IN BUENOS AIRES.

Hour
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The strongest wind anemographically registered in the Littoral was felt at

Fisherton, 10 kms. to the north of Rosario, during the dust storm which caused

such damage in the south of Santa Fe and north of Buenos Aires on the i2th of

January, 1894. At. 6.25 p.m. the force of the wind broke the wires which connected
the anemometer with the registering apparatus. In the two minutes preceding the

break the indicated velocity was 140 kilometres per hour.

MEDITERRANEAN ZONE.

This zone has the same northern and southern limits as the Littoral region, by
which it is bounded on the east, its western boundary being the Andean zone.

Thus it occupies a position between the low fltivial and coast region and that

from which the foothills of the Andes rise. The zone includes the provinces of

Santiago del Estero, Cordoba, San Luis and the eastern sections of Salta, Jujuy,

Tucuman, Catamarca, La Rioja, Mendoza and the territory of the Pampa Cen-

tral. Except for the Cordoba and San Luis sierras and the Aconquija range,
the ground has, in general, a height of from 100 to 500 metres above sea level.

The sections of Salta, Jujuy, and Tucuman which lie in this region are well

watered by the affluents of the Bermejo and Salado rivers, but in other parts the

water supply is somewhat scarce. The rivers and streams which rise in the mountains
of Cordoba and San Luis are small, in general, except for the floods of summer, which,

though of short duration, at times cause considerable damage. The Carcarana,
formed by the junction of the Tercero and Saladillo rivers, is the only one which

empties into the Parana. The others lose themselves in the sandy ground, generally
at a short distance from their source, appearing as dry beds during the greater part
of the year.

The mountains are the true wealth of this zone, showing their beneficent action

by the interception of the aqueous vapour brought by the winds and its conden-

sation, due to the cooling of the air as it rises to greater heights in passing over

their summits. Thus they produce an increase of rainfall on the windward side

with a corresponding scarcity on the leeward side, and, as the prevailing winds in

this zone are from the northeast, the eastern slopes are more favoured with rain

than the western.

The numerical data in the following tables show the climatic features of the

Mediterranean zone. They are arranged in the same order as those given for the

Littoral.

ATMOSPHERIC PRESSURE.

The variations of the barometric pressure are so uniform throughout the length
of the Mediterranean region that the data for a single place suffice to indicate the

normal diurnal changes in this element for the whole region. For this reason only
the mean values deduced from the long series of observations made in Cordoba

are given. These hourly values, grouped by seasons, appear in the annexed table.
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DIURNAL VARIATION OF THE ATMOSPHERIC PRESSURE IN CORDOBA.
(ALTITUDE 438 METRES)
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ANNUAL VARIATION OF THE ATMOSPHERIC PRESSURE.

Month '
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physical, produced by the Cordilleras. The deflection of the isotherms in the

neighbourhood of the Cordoba and San Luis sierras indicate that the effect is similar

to that produced by the higher chains of the Andes.

The mean annual temperature of this zone varies by 8, that is between 23, in

the northwest of the province of Salta, and 15 in the south of the territory of the

Pampa. In chart XIII we see that the region in which the highest temperatures
have been observed indicated by the isotherm of 46 is in the province of San-

tiago del Kstero and that the absolute maxima shown in the chart have an am-

plitude of only 3 in the whole region, the amplitude of variation of the absolute minima

in the same region reaches 8, the minimum in the north being 4 and in the

Pampa 12 (see chart XIV). Thus the amplitude between the extremes in this

zone is 58.
The variations of temperature are more marked throughout the length of

this zone than in the Littoral. Changes of over 30 sometimes occur within a few

hours. Similarly the diurnal variation shows more widely separated extremes, due

to the rapid radiation from the soil and the greater dryness of the air. As exam-

ples of the diurnal temperature variation the hourly values are given by seasons,

for Tucuman and Cordoba, with their graphical representation in Plate XXVIII.

DIURNAL VARIATION OF THE TEMPERATURE IN THE MEDITERRANEAN ZONE.

Tucuman



As evidence of the annual variation in different sections of this zone the mean

monthly temperature, referred to the true mean of the 24 hours and to the ten

years from 1898 to 1907 inclusive, besides the mean maximum and mean minimum-

and the absolute extremes observed during the whole series of observations are

given for ten stations.

ANNUAL VARIATION OF THE TEMPERATURE IN THE MEDITERRANEAN ZONE.

MONTH



ANNUAL VARIATION OF THE TEMPERATURE IN THE MEDITERRANEAN ZONK.

MONTH



ANNUAL VARIATION OF THE TEMPERATURE IX THE MEDITERRANEAN ZONE.

MONTH
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Santiago del Estero
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MONTH
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ANNUAL VARIATION OF THE EARTH TEMPERATURE.

M O X T H
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ATMOSPHERIC HUMIDITY.

The relative humidity in the Mediterranean zone is, in general, about 10 /

less than that of the Littoral; and the absolute humidity, in terms of the pres-

sure of he water vapour, expressed in millimetres of mercury of the barometric co-

lumn, is on the mean, about 4 mm. less. In the region under consideration, there

is a marked difference in the degree of saturation between places only a short

distance apart. For example, the observations made in the arid regions of the Sali-

nas Grandes give a mean relative humidity pf 58 /
and a mean vapour' pressure of

10 mm. while at Tucuman, 150 kilometres to the north, the corresponding values

are 72 /
and 12 mm. being thus as high as in the same latitude in the Littoral.

The observations made at Cordoba are typical of the greater part of this zone.

The diurnal variation is shown by the values in the following table.

DIURNAIv VARIATION OF THE ATMOSPHERIC HUMIDITY.

HOUR
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From the graphic representation of the hourly values, in Plate XXXI, it is

seen that the epoch of the greatest degree of saturation, or highest relative humi-

dity, is not far from sunrise, occurring approximately at the hour of the minimum-

temperature for the day, and the lowest is found between 2 and 3 p. m., thus coin-

ciding with the epoch of the daily maximum temperature. For the vapour pressure the

principal minimum of the day agrees with the maximum of the relative humidity,
while the secondary falls between 3 and 5 p. m. or shortly after the minimum of

relative humidity and the maximum of temperature.
As for the annual variation of these two factors of the atmospheric humidity,

the monthly values for ten well-distributed stations appear in the following table,

the means being arranged to show the changes normally experienced during the

year. In the heading, the relative humidity is abbreviated to R. H. and the vapour-

pressure to V. P.
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ANNUAL VARIATION OF THE ATMOSPHERIC HUMIDITY IN THE MEDITERRANEAN ZONE
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tinuous records, made with the same Campbell sunshine recorder, without change
of exposure.

In the following table the first column shows the mean monthly number of

hours of sunlight registered, the second, the total number of hours the sun is above

the horizon at that latitude, and the third the ratio of the hours observed to the

possible hours of sunshine.

SUNSHINK IN CORDOBA.

Latitude 31 25'

MONTH
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The following table gives the total number of hours of sunlight registered
in each year of this series with the relation to the possible number of hours.

Year
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ANNUAL VARIATION OF THE AMOUNT OF CLOUD.

(IN THE SCALE OF 100.)

MONTH
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this period the rains are in general short but heavy, while in the autumn the fait

is more gentle and prolonged, and in winter there are long rainless periods and then

periods of such slight rainfall that the vegetation is but little benefited. The

figures in the following tables give the annual variation of the precipitation at 24

points so distributed geographically that they represent the characteristic rainfall of

this zone.

ANNUAL VARIATION OF THE RAINFALL IN THE MEDITERRANEAN ZONE.

MONTH
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ANNUAL VARIATION OF THE RAINFALL IN THE MEDITERRANEAN ZONE.

M N T H
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The distribution of thunderstorms is very similar to that of rains. They are

more frequent in the southern and central portions than in the northern. In the

territory of the Pampa the mean annual number of electric storms is 30 to 35 and
in the province of Cordoba 40 to 45, while in Tucuman it is reduced to 20 to 25.

In Cordoba 85 / of them occur in the rainy season, October to March, which

percentage is practically the same in all the interior section of the Republic.
The geographical distribution of hail closely resembles that of electrical storms,

since, for this region, it occurs most frequently in Cordoba, least frequently in the

north of the region and an average frequency in the Pampa Central. In the ob-

servations from Ingenio Esperanza, in the province of Jujuy near the west-

ern edge of the great Chaco region, there is but one record of hail in the last five

years; in the city of Tucuman the mean annual number is 2, in Cordoba 4 and
in General Acha 3. As these storms are oftentimes so destructive to agricultural
interests we give here the number of times that hail has been observed during the

past ten years at different places in this zone.

P Iv A C K
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flood. The development of agricultural and pastoral industries has been so rapid
in later years that already people have begun to feel the necessity of extending
the work to sections less favoured by nature. In these the economic occupation
of the land depends wholely and directly upon the provision of water both for

domestic use and for the irrigation of the soil, whose fertility assures an abun-

dant yield, given the benefit of irrigation.

In technical studies of water storage the amount of evaporation or the inten-

sity of the evaporating elements enters as a fundamental factor into the calculation

of the utility of works to be constructed. It is thought that the data here presented

may be of use in such studies. The amount of water vapour that enters the air

from the surface of the earth represents the evaporative action of temperature, sun-

shine, atmospheric humidity and wind movements, and the amount of liquid evapo-
rated is an index to the energy expended by these elements; so that, using the

same system of determination, the results obtained are directly comparable and

give mean values from which the variation in the intensity of the evaporatino-

influences may be judged. Unfortunately, up to the present no uniform method of

measuring evaporation has been adopted by the various meteorological services, so

that it is difficult to obtain a comparison of results made with various forms of

evaporimeters observed under different exposures.
The installation at Cordoba includes most of the systems employed of this class

of observations by the various analogous services and consists of:

1. Two copper dishes, each having a circular superficial area of 314 centime-

tres and a height of 10 centimetres; one of them placed in the shade of the ther-

mometer shelter and the other exposed to the weather.

2. Two balances of the Wild system with the same exposure as the copper
vessels.

3. A glass dish with an area of 380 centimetres and a height of 10 centimetres,

having the scale engraved on the glass. This is exposed to the weather at the

side of the other two, all of them being at a height of 20 centimetres above the

ground.

4. A square tank with an area of one metre and a depth of 80 centimetres,

sunk in the ground and exposed to the weather. The height of the water is

measured by a continuously recording apparatus.
In addition, observations were made for one year with a Piche evaporimeter,

but the results were so much in excess of those given by the other forms that it

was evident they could not be relied upon.
This series of observations has been continued without interruption since 1891.

The mean monthly evaporation, in millimetres, from each of the evaporimeters ex-

posed to the weather, is as follows:
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The maximum amount of water evaporated iu one day, in each month, from
the copper dish exposed to the sun, is:
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RELATIVE MONTHLY FREQUENCY OF THE WIND.

Tucuman

MONTH



RELATIVE MONTHLY FREQUENCY OF THE WIND.

MONTH
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VELOCITY OF THE WIND IN TUCUMAN.

MONTH



For the diurnal variation in the velocity we reproduce the results of the hourly

arecord of the last 12 years in Cordoba, grouped by seasons and the year.

DIURNAI, VARIATION IN THE MEAN WIND VELOCITY IX CORDOBA.

HOUR
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crossed by several ranges of sierras separated by wide or narrow valleys, some of

which extend to the parnpa region. Ascending from these valleys to the surrounding

heights one encounters, within short distances, temperature extremes comparable
to those which characterise the equatorial from the polar regions. The rainfall

throughout the region is slight. Even in the most favoured sections scarcely

enough falls to maintain a scanty vegetation. On the other hand, the valleys sup-

plied with water from the melting snows in the Cordilleras possess great fertility.

The numerical values, which show the climatological variations experienced in this

.zone, are given in the following pages.

ATMOSPHERIC PRESSURE.

The values relative to the diurnal variation of barometric pressure derived from

a long series of observations made in the city of Mendoza, at a height of 800

metres above the sea, are contained in the following table, grouped by seasons.

DIURNAI, VARIATION OF THE ATMOSPHERIC PRESSURE IN MENDOZA.

HOUR
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The curves representing the annual variation of pressure show marked differ-

ences due, in most cases, to differences in height. The principal maximum of the

year occurs in August and September, the epoch of greatest pressure showing a

retardation as the elevation of the country increases. In the highest regions the

secondary maximum in April is more pronounced, with a marked depression between

it and the principal maximum. To better illustrate the different forms of annual

variation in the Andean zone, the monthly values for eleven stations, at heights

varying from 500 to 3500 metres, are given in the following tables and in graphic
form in Plate XXXIII.

ANNUAL VARIATION OF THE ATMOSPHERIC PRESSURE IN THE ANDEAN ZONE.

MONTH

Latitude.
Height....
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TEMPERATURE.

In the Andean zone we find the greatest temperature contrasts, not only in the

variation with height but also in the rapid fluctuations which accompany the change
of wind from north to south and the large amplitude of the diurnal variation. In

the high plateaus it is not rare to observe temperatures below zero in the early

morning and above 30 in the afternoon, showing a difference of about 35 between

the extremes of the day. From the following mean monthly values, mean maxima,
mean minima and absolute extremes, the general temperature characteristics of the

principal centres in the Andean provinces may be seen. The mean monthly tempe-
ratures are reduced to the mean of the twenty-four hourly values.

TEMPERATURE OF THE ANDEAN ZONE.



TEMPERATURE OF THE ANDEAN ZONE. Continued.

MONTH
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TEMPERATURE OF THE ANDEAN ZONE. Continued.
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MEAN MONTHLY AMPLITUDE OF TEMPERATURE. Continued.

MONTH
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Earth Temperature. The values here given are taken from five years' observations

made in San Juan and Meudoza, with special thermometers which were installed, in

the former station, at om .io, om.2o, om -30 and i
m .oo below the surface. The latter

station had the same equipment and in addition a thermometer at 0^.50 depth. The

monthly means of the temperatures observed are as follows:

EARTH TEMPERATURES.
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HUMIDITY IN THE ANDEAN ZONE.

MONTH
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MEAN AMOUNT OF CLOUD IN THE ANDEAN ZONE IN THE SCALE OF IOO.

M N T H



- 82 -

MEAN MONTHLY RAINFALL IN THE ANDEAN ZONE.

MONTH



MEAN MONTHIvY RAINFAIJ^ IN THK ANDEAN ZONE. Continued.

MONTH
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All of this region is subject to the zonda, a hot, dry, north or northwest wind
which burns the vegetation and at times renders breathing difficult. This wind
blows most frequently in the spring. In general it lasts only two hours, dying
out with the sunset, but at times it continues for days, blowing with a hurricane

force. The zonda is followed by a cool southerly wind which causes a rapid fall

in the temperature, thus re-establishing atmospheric equilibrium. The following
tables give, for six stations, the number of winds from each of the eight principal

points of the compass, also the number of calms. The values are relative to a

1000 monthly or annual winds deduced from the tri-daily observations of 8 a. m.,

2 p. m. and 8 p. m.

RELATIVE MONTHLY FREQUENCY OF WIND IN THE ANDEAN ZONE.

La Quiaca

MONTH



RELATIVE MO THLY FREQUENCY OF WIND IN THE ANDEAN ZONE. Continued,

Salta

MONTH
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RELATIVE MONTHLY FREQUENCY OF WIND IN THE ANDEAN ZONE. Continued.

Mendoza

MONTH
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PATAGONIAN ZONE.

This climatological zone lies between the 38th and 54th parallels of latitude, its

north to south extension being about equal to that of the three northern zones

already considered. It includes the territories of Neuquen, Rio Negro, Chubut
Santa Cruz and Tierra del Fuego. The southwest of the territory of Neuquen, call-

ed the Switzerland of America, is undoubtedly the most picturesque part of the

Argentine Republic, possessing a grand system of lakes and streams lying in fertile

valleys surrounded by mountains, some of which are snow-covered throughout the

3*ear. Lake Nahuel Huapi, the largest lake in the Republic, lies in the southern

extremity of this region. It has an area of 540 square kilometres and has a

mean discharge of 400 cubic metres per second. In abnormal floods the volume

occasionally reaches 1500 cubic metres.

With the exception of the above-mentioned lake district, the surface of the great-
er part of the region from the Rio Xegro to the southern confines of the conti-

nental mainland, consists of extensive table-lands which rise in steps from the

Atlantic westwards, intercepted at intervals by irregularities or undulations forming

depressions of greater or less extent. Low hills border the greater part of the

Atlantic coast. In the interior, ranges of hills and peaks rise from the table-lands,

those near the western section are, as a rule, foothills or branches of the Cordilleras.

As already noted, the climatology of the southern section of the Republic differs

essentially from that of the northern section owing to the different system of the

atmospheric circulation. To show these differences it will be necessary to refer to

the numerical data from stations installed between the coast and the slopes of the

Andes.

It is to be noted that for most of the inland stations the series of observations

are of relatively short duration, as a few years ago the greater part of these territories,

except for a scattered population along the Atlantic coast, were not colonised.

Even at present there are extensive tracts which lack systematic meteorological
stations. However, the existing data is ample to show with sufficient detail the

climatological variations existing in the region except the interior of Tierra del

Fuego. In that section no observations have been made except by explorers, and

then only during comparatively short periods.

ATMOSPHERIC PRESSURE.

To illustrate the diurnal pressure variation the hourly values taken from the

barograph records of Santa Cruz and Ushuaia, grouped by seasons and for the year
hi the subjoined table, are graphically lepresented in Plate XXXVI.
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DIURNAL VARIATIO OF ATMOSPHERIC PRESSURE IN THE PATAGONIAN ZONE.

HOUR



ANNUAL VARIATION OF ATMOSPHERIC PRESSURE IN THE PATAGONIAN ZONE.

Latitude....

Height
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DIURNAL VARIATION OF TEMPERATURE IN THE FATAGOXIAN ZONE.

HOUR



ANNUAL VARIATION OF TEMPERATURE IN THE PATAGONIAN ZONE.

MONTH



ANNUAL VARIATION OF TEMPERATURE IN THE PATAGONIAN ZONE. Continued.

MONTH
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To make the data more complete the monthly means and the absolute maxima

.and minima for^nine other stations are added.

MONTH
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MONTH
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ANNUAL VARIATION OF HUMIDITY IN THE PATAGONIAN ZONK.

LI MAY
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ANNUAL VARIATION OF CLOUDINESS IX THE PATAGONIAN ZONE.
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Over extensive regions in the south central part of the territory of Rio Negro
and in the central north of Chubut, also in the interior of Santa Cruz, it has not

been possible to obtain systematic observations for a complete period of one year,

but it is most probable that the same scarcity of rain exists in the interior of the

Rio Negro and Chubut as on the Atlantic coast and the western limit of these

territories. On the other hand, in the western part of Santa Cruz it is probable
that the rainfall is greater than that near the coast, the quantity increasing on ap-

proaching the Cordilleras.

In the territory of Rio Negro, slight snowstorms are occasionally observed, but

usually the snow melts soon after it reaches the ground; the same occurs on the Atlan-

tic coast of the territories of Chubut and Santa Cruz. On the table-lands and in the

western section of Neuquen the falls of snow are more frequent and at times the

ground is covered for several days, disappearing more rapidly from the valleys
than from the heights. In the interior of Tierra del Fuego snow is found through-
out the winter and at times falls, in small quantities, even in the summer months.

The following tables show the mean monthly precipitation for 41 stations, dis-

tributed by territories.

MEAN MONTHLY PRECIPITATION IN THE PATAGONIAN ZON %

Territory of Rio Negro.

MONTH
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MEAN MONTHLY PRECIPITATION IN THE PATAGONIAN ZONE.

Territory of Neuquen.

MONTH
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MEAN MONTHLY PRECIPITATION IN THE PATAGO IAN ZONE.

Territory of Santa Cruz.
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RELATIVE MONTHLY WIND FREQUENCY IN THE PATAGONIA ZONE.

MONTH



IOI

RELATIVE MONTHLY WIND FREQUENCY IN THE PATAGONIAN ZONE.

MONTH
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To the monthly values which precede are added the annual frequency for 12

.additional stations.

STATION



We add the results of the observations made in Laurie Island, of the South

Orkney group. This series began in March 1903, under the direction of Dr. W. S.

Bruce, organizer and director of the Scottish Antarctic Expedition. At the beginning
of 1904 the Scottish Commission was succeeded by the Argentine and since then

meteorological and magnetic observations have been continued under the direction

of this Office. The commissions are relieved every year in the month of January
or February, since in these months the islands are free from the ice which surrounds

them during the greater part of the year. The geographical situation of the station

is 6o43' of latitude and 44 39' of longitude west of Greenwich. The height of

the barometer is 7 metres above the mean level of the sea. The tables which follow

give, in condensed form, a general summary of the observations to the month of

March 1908, or a complete series for five years. The graphical expression of the

annual variation of the barometric pressure, temperature, relative humidity and

vapour pressure, is found in Plate No. XLI. The relative frequency of the winds

is given in Plate XLJI and the diurnal variation of the barometric pressure and

temperature in Plate XLIII.

OBSERVATIONS IN THE SOUTH ORKNEY I I.ANDS.

.
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MONTH



DIURNAL VARIATION BY SEASONS.

TJTMTO
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HYDROMETRIC SECTION.

The Hydronietric Section of the Meteorological Office was created in August
1902 and under the immediate direction of Engineer Gunardo Lange. The principal

object of the service at that time was to continue the studies, begun in 1899 by En-

gineer Cesar Cipolletti, for the control and irrigation in the region of the sources

of the Negro and Colorado rivers.

Once the hydrometric gauges had been installed at the sources of these rivers

and the regular service established, it was decided to extend the work of the Sec-

tion to the more important rivers of the Republic. This service has developed so

rapidly that, at the present time, all the principal rivers of the country, from the

Santa Cruz to the Pilcomayo, are under constant systematic observation.

Hydrometric gauges have been installed at suitable points in the tributaries to

the large rivers and the flow corresponding to the different \vater heights at the

observation points has been determined.

From these data the flow7 of the river is calculated and the results are recorded

in tables, also graphically.

The service includes preliminary surveys of regions suitable to works for con-

trolling the natural flow of the rivers in order to utilise the water for navigation^

irrigation and motive power, the study including levelling and general topographical
work.

The Section is advised telegraphically each day of the height of the water in

the Paraguay, Parana, Uruguay, L,a Plata and Negro rivers and their tributaries,

from stations where telegraph offices exist. These data, together with the corres-

ponding depth of water at the principal bars in the navigable rivers, are published
in the daily weather map of the Office. Wherever the telegraph lines permit, the

service also gives warning of floods and any extraordinary changes in the height
of the W7ater.

Complete data for each point of observation are kept in the archives of the

Section, including the annual hygrometric observation registers, tables with their

corresponding curves, and a large number of maps, plans and drawings of the

interesting points and regions.

Of the various reports prepared by the Chief of the Section, the following have

been published:

Hydrometric Study of the Rio Negro and its Affluents
, 1904.

The Great Flood of 1905 in the Parana River and its Affluents .

Also by special authority:

A Study of the Pilcomayo River, 1905-6.

Report of the Subsoil near the Outlet of Lake Nahuel Huapi .

A map of the Republic is appended giving the location of the hydrometric

stations.

The following synoptic table gives the flow of the rivers and lakes forming
the Rio Negro drainage system, derived from observations made during the years

1902-7.



BASIN OF THE RIO NEGRO

Synoptic Table of the Flow of the Rivers and Lakes
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RIO NEGRO.
Klow of the Rivers and Lakes.
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MAGNETIC SECTION.

This branch of the service of the Meteorological Office was organised in 1903
and began work about the end of that year under the direction of Mr. Louis G.

Schultz.

The first work consisted in a magnetic reconnaissance of the central part of

the Republic to determine on a site for the magnetic observatory, as free as possi-

ble from influences which might disturb the investigation of the relation between

magnetic and meteorological phenomena, also as a suitable reference point for the

making of an isogonic chart of the country. As a result of this investigation the

town of Pilar in the province of Cordoba was chosen for the establishment of the

central observatory. The site chosen is situated near the bank of the Rio Segundo
at some distance from the railway station and out of reach of the disturbing influences

of heavy traffic. The buildings for the magnetic instruments were erected the fol-

lowing year. In one of them were installed the apparatus for the determination of

the absolute constants, and in the other, variometers for photographic records of

the elements. A complete meteorological installation was also provided.

During the next few years the instrumental equipment was increased by in-

stalling, in suitable structures, instruments for studying atmospheric electricity, solar

spots and prominences, and seismic movements.

Early in 1904 a systematic determination of the magnetic constants was begun

by establishing a series of stations distributed over the greater part of the Republic.

During the present year the values of the elements have been re-determined at

nearly all the stations established four years ago. Comparing these results with

those obtained from the variometers, the declination values corresponding to the

epoch January ist, 1908, have been determined. They are shown in chart XLIV.
In the following table are given the data from which the isogonic lines on the map
were drawn. In order to check the position of the lines along the coast, compari-
sons have been made with the observations taken on board vessels provided with

a special equipment for magnetic work. The values for Montevideo and the Brazi-

lian stations depend on the observations made by the ^Comision Bra ilefia.

The annual change, entered in the following table, is deduced from the pe-

riod 1904 to 1908. The geographical coordinates given correspond to points where

the observations were made, this point always lying in the open country at some

distance from the centres of population.
It is worthy of note that nearly all the ships which enter Argentine ports

navigate by charts whose magnetic data are seriously inaccurate. The variation of

the compass shown on maps of the River Plate and the coast of Buenos Aires

have an error of about a degree and along certain sections of the southern coast

even greater errors exist. In fog or on cloudy nights the mariner has to trust

completely to those maps, and if he is unfamiliar with the coast it may happen
that he thinks himself 100 kms. out to sea when in reality his ship is in danger
of running aground.
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Plate XVIII

DIURNAL VARIATION OF THE ATMOSPHERIC PRESSURE
IN THE LITTORAL PROVINCES
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PlateXIX

ANNUAL VARIATION OF THE ATMOSPHERIC PRESSURE
IN THE LITTORAL PROVINCES
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PlateXX
DIURNAL VARIATION OF THE TEMPERATURE

IN THE LITTORAL PROVINCES
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Plate XXI

ANNUAL VARIATION OF THE TEMPERATURE
IN THE LITTORAL PROVINCES
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Plate XXII

DIURNAL VARIATION OF THE RELATIVE HUMIDITY
!N THE LITTORAL PROVINCES
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PlateXXIII

ANNUAL VARIATION OF THE RELATIVE HUMIDITY
IN THE LITTORAL PROVINCES
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Plat XXIV

DIURNAL VARIATION OF THE VAPOUR PRESSURE
IN THE LITTORAL PROVINCES
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Plate XXV

ANNUAL VARIATION OF THE VAPOUR PRESSURE
IN THE LITTORAL PROVINCES
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RELATIVE FREQUENCY OF THE WINDS
IN THE LITTORAL PROVINCES
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PlateXXVIII

DIURNAL VARIATION OF THE TEMPERATURE
IN THE MEDITERRANEAN PROVINCES
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PlateXXIX

ANNUAL VARIATION OF THE TEMPERATURE
IN THE MEDITERRANEAN PROVINCES
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ANNUAL VARIATION OF THE SOIL TEMPERATURE
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Plate XXXI

DIURNAL VARIATION OF THE RELATIVE HUMIDITY
IN CORDOBA
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RELATIVE FREQUENCY OF THE WINDS
IN THE MEDITERRANEAN PROVINCES
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Plate XXXIII

ANNUAL VARIATION OF THE ATMOSPHERIC PRESSURE
IN THE ANDEAN PROVINCES
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ANNUAL VARIATION OF THE TEMPERATURE
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RELATIVE FREQUENCY OF THE WINDS
IN THE ANDEAN PROVINCES
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DIURNAL VARIATION OF THE ATMOSPHERIC PRESSURE
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Plate XXXVII

DIURNAL VARIATION OF THE ATMOSPHERIC PRESSURE
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Plate XXXVIII

ANNUAL VARIATION OF THE ATMOSPHERIC PRESSURE
IN THE PATAGONIAN TERRITORIES
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Plate XXXIX

DIURNAL VARIATION OF THE TEMPERATURE
IN THE PATAGONIAN TERRITORIES
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Plate XLI

DIURNAL VARIATION OF THE BAROMETRIC PRESSURE AND OF THE TEMPERATURE
AT THE SOUTH ORKNEYS
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RELATIVE FREQUENCY OF THE WINDS
AT THE SOUTH ORKNEYS
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Plate XLIII
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